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Y u k a w a a n d p h y s i c s i n J a p a n U n t i l 1935 th e c o n trib u tio n of the Jap an ese n atio n to w o rld physics w as very lim ited. A few nam es of Jap an ese p h y sicists w ere fam iliar-those of Y. N ish in a and S. K ik u ch i sp rin g to m in d -b u t these m en w ere p ro d u cts of W este rn tra in in g and w ere k n o w n th ro u g h th e ir p u b licatio n s in W este rn jo u rn als. A decade later, even th o u g h W o rld W ar II had in terv en ed , Jap an h ad becom e a significant c o n trib u to r to theo retical physics w ith an im p ressiv e n u m b e r of first rate research w orkers p u b lish in g in th e ir ow n perio d ical Progress o f Theoretical , th e only jo u rn a l in th e w orld d ev o ted en tirely to the th eo retical side of physics. In itially by far th e largest v o lu m e of Jap an ese research was on the m o st m o d e rn aspect of th e subject: elem en tary particles and fields.
T h is u n p re c e d e n te d g ro w th fro m n o th in g b egan w ith th e w ork of one m an, H ideki Y ukaw a, w ho p u b lish e d his first research p ap er in 1935. W ith several sequels a few years later, th e w ork gained for h im the N obel P rize for 1949. T h e new Jap an ese school was essentially Y u k aw a's school, except th a t one exact co n tem p o rary an d frien d , S. T o m o n ag a, th o u g h initially dou b tlessly h elp ed by in teractio n w ith Y ukaw a, developed his ow n extrem ely fru itfu l line a little later and in 1964 gained a second N obel P rize for Jap an .
T o d a y Japanese w orkers c o n trib u te significantly to m any b ran ch es of physics, ex p erim en tal as well as th eo retical.
Y u k a w a t h e p h y s i c i s t

N uclear physics before Y ukaw a
In 1932, C h ad w ick 's discovery of the n eu tro n opened th e way tow ards a rational d escrip tio n of n u clear stru ctu re . T h e p ictu re of the atom ic nucleus as b u ilt up from p ro to n s and n eu tro n s (excluding electrons) gained rapid acceptance, b u t th e n a tu re of th e forces h o ld in g these b u ild in g bricks to g e th er could n o t be u n d ersto o d in te rm s of any know n m echanism . W ith th e n e u tro n , the n u m b e r of 'e le m e n ta ry ' particles had risen to three; or fo u r if one in cludes th e ep h em eral p h o to n . O ne m ore, en tirely hyp o th etical p article soon had to be ad d ed , P a u li's 'n e u trin o ', * w hich was req u ire d to give a rational acco u n t of (3-decay. A t th a t p o in t it could still be m ain tain ed th a t n a tu re 's schem e o f elem en tary b u ild in g blocks was q u ite n eat and econom ical. T h e re was th e p air of heavy particles: p ro to n and n e u tro n , ch arg ed and u n ch arg ed ; and th e c o rre sp o n d in g light pair: electro n an d n e u trin o . E x p erim en t show ed th a t th e electron has an 'a n tip a rtic le ', the p o sitro n , an d th e o rists had good reason to believe th a t sim ilar an tip articles existed for th e o th e r th ree. T h e fifth 'p a rtic le ', the p h o to n , was seen as so m eth in g q u ite ap a rt from these o th e r entities, differing from th e m by bein g a boson of spin 1 go v ern ed by M ax w ell's eq u atio n , w hile th e o th e rs w ere recognized to be spin j ferm ions, p resu m ab ly o b eying D ira c 's eq u atio n , w hich was well es tab lish ed for at least th e electro n . T h e p h o to n was also necessarily m assless and u n ch arg ed .
T o the th eo rists such a schem e looked reaso n ab ly ap p ealing, th o u g h th e virtually u n o b serv ab le n e u trin o m ade it ra th e r less so to e x p e rim e n t ally m in d ed people.
W hen in 1932 H eisen b erg w rote his p io n eerin g p ap er on th e s tru c tu re of the nucleu s he p o stu la ted a force b etw een p ro to n s and n eu tro n s w ith o u t being able to explain th is force in te rm s of any know n ag en t in the way th a t the electro m ag n etic field is u n d ersto o d to p ro v id e th e forces governing atom ic stru c tu re . In a single sp eculative rem ark he relates the force to a 'spinless electro n obeying Bose sta tistic s' b u t th e th eo ry of nuclear in teractio n th a t began w ith H e ise n b e rg 's p ap er developed as a phenom enological one, i.e. one th a t does n o t rely on any in sig h t into the origins of the nu clear forces.
Y u k a w a 's theory
L n til Y ukaw a's p ap er of 1935 ap p eared (1) all attem p ts to gain som e u n d erstan d in g of th e origins of th e n uclear forces had been abortive. T h e only possibility w ith in th e p a tte rn of existing p articles ju s t d escrib ed seem ed to be p ro v id ed by F e rm i's th eo ry of (3-decay, in term s of w hich an e lectro n -n eu trin o p air w ould give rise to the forces, in analogy w ith the p h o to n tra n sm ittin g electro m ag n etic forces. T h is idea was p ro p o sed by 1 am m and by Ivanenko, b u t pro v ed abortive.
Y ukaw a took th e bold step of p o stu latin g an en tirely new p article as the agent of these forces. H e p red icted its p ro p erties w ith considerable precision:
(1) it should obey Bose statistics like the p h o to n (and con seq u en tly should have in teg er spin);
(2) unlike th e p h o to n it sh o u ld carry u n it electric charge, of eith er sign, so th a t th e re w o u ld be a p a rtic le -a n tip a rtic le d o u b le t as in th e e le c tro n -p o sitro n case; (3) th e new 'heavy q u a n tu m ' sh o u ld have a m ass of ap p ro x im ately 200 electro n m asses. T h e first tw o p ro p e rtie s state in a m u c h m o re p o sitiv e way w hat H eisen b erg a d u m b ra te d in his first p ap er, b u t th e th ird is en tirely original. T h e a u th o r show s by very sim p le m e th o d s th a t fro m th e eq u atio n s he p ro p o ses for his p article an d its in teractio n w ith p ro to n s and n e u tro n s, a range of force resu lts th a t is inversely p ro p o rtio n a l to th e m ass of his p article (th e 'heavy q u a n tu m '). (I t was later show n by W ick th a t th is ra n g e -m a ss relatio n is a very general co n seq u en ce of H e is e n b e rg 's u n c e rta in ty relatio n s.) U n d e r any circ u m stan c es, th e su g g estio n th a t th e know n schem e of n a tu re sh o u ld be reg ard ed as in co m p lete an d an en tirely new h ith e rto u n o b se rv e d p article exists w o u ld n o t have easily fo u n d acceptance. W h en it cam e as a first p a p e r by an u n k n o w n a u th o r w o rk in g in a v irtu ally u n k n o w n academ ic in s titu tio n in Jap an an d p u b lish e d in a ra th e r ob scu re jo u rn a l, albeit in E n g lish , it is n o t very su rp risin g th a t it w en t v irtu ally u n n o tic e d in th e W est.* Y ukaw a ex ten d ed his idea b ey o n d th e p o stu late of th e new p article in te ra c tin g w ith th e heavy p articles to the p red ictio n th a t it also w ould in teract w ith the light p articles in analogy w ith (3-decay. T h is w ould m ake it u n stab le an d th u s help to explain w hy it had h ith e rto n ev er been seen. E ven so, his p ap er p o in ted to th e possib ility of it being detectable; p articu la rly in cosm ic rad iatio n .
Y u k aw a's w ork rem ain ed en tirely u n reco g n ized for tw o years, even th o u g h , ironically, P auli an d W eissk o p f h ad aro u sed con sid erab le in terest am ong th e o rists in th e W est by discu ssin g , as an academic exercise, the field th e o ry of a m assive ch arg ed boson! T h e ir p u rp o se was to prove th a t th e general features of D ira c 's d escrip tio n of th e F erm i field of electrons and p o sitro n s could be re p ro d u ced for particles obeying Bose statistics. Y ukaw a did not know of this w ork w hen he su b m itte d his p ap er in N o v em b er 1934, otherw ise he m ig h t have related th e tw o ideas, f
Reception in the W est
In 1937, Y ukaw a's nam e and his th eo ry a b ru p tly m oved into great pro m in en ce. C. D . A n d erso n , know n already as the discoverer of the * A t th e tim e I was c o m p le tin g m y P h .D . w ork in Z u ric h w ith the benefit of reg u lar in te rac tio n w ith G . W entzel, W . Pauli and V. W eisskopf. I have absolutely no m em o ry of th e p a p e r's b eing given even a p assing m en tio n , e ith e r in the fam ous Z u ric h C o llo q u iu m or in priv ate discussion. N . K.
t Y u k a w a 's m odel did no t exactly m atch the P auli W eissk o p f p ic tu re because he envisaged no t a zero spin p article b u t one in closer analogy w ith the p h o to n , i.e. w ith u n it spin. Since how ever in his 1935 p a p er he did not develop his m odel fully relativistically, confining h im self to the analogue of the scalar p o ten tial of e le ctro m ag n e tism , a tre a tm e n t of his idea follow ing Pauli and W eisskopf w ould only have changed an overall sign. p o sitro n , an n o u n ced the d etectio n o f a new ch arg ed p article in cosm ic radiation. Its m ass was ap p ro x im ately 200 electro n masses! Im m ed iately , tw o new to rre n ts of physics research began to flow. E x p erim en ters hastened to establish th e p ro p e rtie s o f th e new particle, w hile th e o rists th rew them selves into the stu d y and d ev elo p m en t of Y u k aw a's th eo ry . As will be describ ed later, Y ukaw a h ad by th e n gained th e su p p o rt of several able colleagues. W ith th e m he p u b lish e d th re e p ap ers (12) (13) (14) in c o n tin u atio n of his original one, in quick succession. A t th e sam e tim e, his ideas w ere picked up so rap id ly in th e W est th a t th e co n ten ts of his th ird p ap er w hich gave a full d escrip tio n of a p h o to n -lik e spin 1 'heavy q u a n tu m ' app eared in th ree versions v irtu ally sim u ltan eo u sly , his ow n and tw o in th e W est. Y ukaw a was univ ersally recognized as th e p io n eer in the w hole field. E x p erim en tal know ledge an d th eo retical ideas d ev eloped rap id ly . O n th e theoretical side th e several possible v arian ts o f Y u k aw a's original p ictu re w ere analysed in detail and good reasons w ere given to ex p an d th a t p ic tu re by p o stu la tin g th a t an ad d itio n al u n ch arg e d Y ukaw a p article should also exist. D esp ite form al p ro b lem s th a t w ere in h e re n t to all relativistic particle th eo ries at the tim e, m any effects w ere d iscu ssed th a t allow ed com p ariso n s b etw een th e th e o ry in its various versions w ith ex p erim en tal ob serv atio n .
Setbacks
Sadly, this intense activity, far from p ro d u c in g a triu m p h a n t v in d ica tion of th e Y ukaw a m odel of n u clear forces, led to g reater an d g reater confusion. O nly a very sm all fractio n of ex p erim en tal o b serv atio n appeared to tally w ith any th eo retical p red ictio n s. F u n d a m e n ta lly w hat becam e progressively clearer was th a t w hile th e very n a tu re o f Y u k aw a's idea was th a t his p article m u st in teract strongly w ith o th e r m a tter, the A n d erso n particle in teracted w eakly.
W hen W o rld W ar II in te rru p te d n o rm al scientific activity, in p articu la r th e interaction b etw een Jap an and th e scientists in th e U n ite d S tates and B ritain, the p ro b lem s su rro u n d in g the m eson (or m eso tro n ) as the new particle was by th e n bein g called, w ere at th e ir w o rst stage.* D u rin g th e w ar Y ukaw a and his co llab o rato rs m an ag ed to co n tin u e w orking and several significant co n trib u tio n s to th e w hole com plex of p ro b lem s w ere m ade by them .
Post war vindication
W h en norm al scientific activity was resu m ed , tw o new Japanese co n trib u tio n s to in tern atio n al physics soon em erged. T h e one, already m e n tio n e d , was th e ap p earan ce of th e new jo u rn a l, Progress o f Theoretical P hysics, w hich was evidence o f th e sp ecta cu lar g ro w th of Japanese th e o re tic al physics. Y ukaw a was its fo u n d er. T h e o th e r was only in d irectly co n n ected w ith Y ukaw a. H is frien d T o m o n a g a becam e th e first of th e o rig in ato rs of ren o rm a liz atio n th eo ry ; a new ap p ro ac h to q u a n tu m field th e o ry w hich rem o v ed at least som e of th e p ro b lem s blocking th e c o n siste n t d ev elo p m en t o f relativ istic th eo ries of elem en tary p articles such as Y u k aw a's. T h e g reat success of th e new te ch n iq u es was in q u a n tu m electro d y n am ics, b u t it tra n sfo rm e d th e th in k in g and te c h n iq u e s over th e w hole range of field th eo ries, in c lu d in g m eson th eo ry .
T h e g reatest step fo rw ard in p article th eo ry , how ever, arose in th e W est; it was in fact th e reso lu tio n o f th e m eso n p ro b lem . It cam e in 1947 o u t of th e ex p erim en tal w ork of Pow ell an d his co llab o rato rs. W ith the help of new ex p erim en tal te ch n iq u es th ese w orkers p ro v ed th a t th e re w ere tw o q u ite d istin c t p articles, b o th p re se n t in cosm ic rad iatio n , of w hich th e first was sh o rt lived an d h ad n o t prev io u sly been identified. T h e o th e r was A n d e rs o n 's 'm e so tro n '. Pow ell called the sh o rt lived p article th e 7t-m eson, now called 'p io n ' and in due course it becam e clear th a t its basic p ro p e rtie s w ere excellently acco u n ted for by a p a rticu la r version of Y u k aw a's th eo ry . T an ik aw a, w ho suggested th a t th e ad d itio n al w eakly in teractin g m eson sh o u ld have zero spin, and th e n by S. Sakata, Y u k aw a's m o st senior and c o n stan t collaborato r, w ho p red ic ted th e co rrect spin value of T h e com plete link b etw een th e agents of n u clear forces and o b servation cam e w hen in 1950 th e p red ic ted n eu tral p a rtn e r of th e charged pions was also observed. As had been first p red ic ted by Sakata and T an ik aw a in 1940, it was show n to decay into p h o to n s.
T h is b rief accou n t of Y u k aw a's w ork has so far co n cen trated on the b irth and final fru itio n of his m eson th eo ry . T h e q u ite considerable volum e of o th e r w ork done by him d u rin g the sam e perio d has been passed over. A fter 1937 Y ukaw a had every possible incentive to press on w ith his th eo ry of n u clear forces, b u t in th e tw o years w hile his th eo ry rem ained u n ap p reciated he was able to co n trib u te to o th e r p ro b lem s of nuclear theory. Also, th o u g h his 1935 p ap er was his first published w ork, it is on record th a t after a p relim in ary stu d y of D ira c 's eq u atio n for his g rad u atio n thesis, he applied th a t eq u atio n to the hyperfine stru c tu re of the hydrogen sp ectru m . T o w hat ex ten t this earlier w ork an ticipated results th a t w ere developed later by F erm i an d o th e rs will nev er be know n. T h e p ap er was left b u rie d on his p ro fe sso r's desk.
T h e n , betw een 1935 an d 1937, Y ukaw a p u b lish e d no less th a n ten p apers, m ost of th em in collab o ratio n w ith S. S akata, on topics w ith in a rem arkably w ide range. T w o consecutive titles in his list of p u b licatio n s are 'N o te on D ira c 's g en eralized w ave e q u a tio n s' (7) an d 'O n the efficiency of th e y -ray c o u n te r' (8)! T h e m o st significant of his c o n trib u tio n s, in th is p erio d , is a stu d y of |3-decay in w hich he was first to p red ic t th e K -c a p tu re p h en o m en o n (3). C en tral to his th in k in g was th e belief th a t th e association of any elem en tary particle w ith a single g eom etrical p o in t in space was in som e deep sense m istaken; the key co n cep t in m an y of his p u b licatio n s is the 'non-local field'. In his au to b io g rap h ical w ork C rea tivity and , of w hich m ore will be said below , Y ukaw a says ra th e r d isarm in g ly (p. 58): 'In m y ow n p erso n al experience a m ajo rity of th e ideas I had w ere stillb o rn '. T h is sentence is taken from an ad d ress given by Y ukaw a in 1948 b u t he let it stan d in th e book w hich ap p eared in 1973. It is p erh ap s u n k in d to quo te these w ords here; they can only be tru e u p to a p oint. W e can n o t see into th e fu tu re and say w ith confidence th a t all th e ideas p resen ted in these pap ers are lacking in any grains of d eep er tru th th a t we do not yet perceive. A nd we can n o t m easure the stim u latio n th a t readers of his papers on th e way to developing ideas of th e ir ow n m ay have received. Even so it is a fact th a t in p resen t day w ork one w ould be h ard p u t to find reference to or influence of his later p u b licatio n s.
L ater work
T h u s Y ukaw a sh o u ld be rem em b ered essentially for tw o achievem ents: th e theory of th e pion and th e creatio n of indigenous Japanese physics.
Y u k a w a t h e m a n
B ackground and early years
T h e m an w hom th e w o rld knew as H id ek i Y ukaw a w as b o rn in T o k y o as th e fifth of seven c h ild re n to T a k u ji O gaw a and his w ife K oyuki. U n til his m a rriag e to S u m i Y ukaw a in 1932, w h en he was ad o p ted into his w ife's fam ily, his n am e w as H id ek i O gaw a. (H id e k i's fa th e r's nam e was also ch an g ed fro m A sai to O gaw a on a d o p tio n in to his w ife's fam ily and sim ilarly one of H id e k i's b ro th e rs w as well kn o w n as an o rien tal h isto rian u n d e r th e nam e S higeki K aizu k a.) F o r a b rie f few m o n th s after H id e k i's b irth his fath e r rem a in ed a m e m b e r of th e staff of th e G eological S urvey B u reau in T o k y o , b u t in 1908 he b ecam e P ro fesso r of G eo g rap h y at th e U n iv e rsity of K y o to . T h u s th e an cien t cap ital city K y o to becam e H id e k i's hom e tow n . H e sp e n t all b u t som e fifteen years of his life th e re .
T h e b a ck g ro u n d of th e A sai an d O gaw a fam ilies was academ ic, looking back on m any g en era tio n s of sch o lars steeped in th e tra d itio n of C h in ese as well as Jap an ese cu ltu re . H id e k i's g ra n d fa th e r, N am ei Asai, was a C o n fu cian scholar an d te a c h e r o f C h in ese classics. H is son, T a k u ji, was b ro u g h t u p in th e sam e tra d itio n an d m a in tain ed a lifelong, active in terest in th e h isto ry of an cien t C h in a an d Jap an . H e was associated w ith th e In s titu te of O rien tal C u ltu re an d fre q u e n tly v isited C hina. H e took p a rt in archaeological surveys an d ex p ed itio n s, collected an tiq u es and was w ell versed in an cien t C h in ese lite ra tu re an d p h ilo so p h y .
H id ek i, as a child an d y o u n g m an was ex p o sed to th e old trad itio n s. H e relates th a t even b efore he e n te re d p rim a ry school he '. . . h ad stu d ied various C hinese classics. In p ractice th is m ean s th a t I rep eated aloud after m y g ra n d fa th e r a versio n o f th e C h in ese tex ts co n v erted into Japanese. A t first, of course, I h ad no idea of th e sense of it all. Y et, o d d ly en o u g h , I g radually began to u n d e rs ta n d w ith o u t bein g to ld '.
Schooldays and choice o f career
H id ek i speaks o f his fa th e r's influence on his life w ith co n siderable w arm th . S tran g ely th o u g h , he relates th a t he had a definite disin clin atio n to follow in his fa th e r's fo o tstep s professionally. W e learn from H ideki h im self th a t as a ch ild and you n g m an he was clum sy and ill at ease in his relations w ith o th e r people. In so far as his fa th e r's w ork involved m anual skills, H ideki felt th a t it d id n o t su it him , b u t he disliked even m ore the th o u g h t of the co n stan t and varied h u m a n co n tacts th a t geographical and geological field w ork an d ex p ed itio n s w ould involve. H ow ever, th ere does n o t seem to have been any significant p ressu re on H ideki to follow his father, th o u g h he was expected to en ter som e academ ic profession. H is m ethodical and serious ap p ro ach to school w ork consistently p ro d u ced good all ro u n d exam ination m arks. W h en the q u estion of choice of specialization arose, H ideki fo u n d it very difficult to m ake a decision. H is difficulty in in teractin g w ith people was linked, so he relates, to a com plete lack of in terest in h u m a n p ro b lem s, so th a t all fields w ith in th e sphere of social science in the b ro ad est sense had no appeal w hatsoever. L ite ra tu re and p h ilo so p h y w ere m ore attractiv e and so was m ath em atics. In d eed the latter field seem ed for a tim e to be th e m o st likely choice, even th o u g h H ideki had som e d o u b ts a b o u t d ev o tin g h im self to a stu d y th a t seem ed, in its advanced stages, to be so u n rela ted to th e real w orld.
T h e decision, w hen it cam e, was en tirely his ow n. H e was an avid and catholic read er and at th e age of sixteen w h en he en tered a new school ('T h ird H igh S ch o o l') he d iscovered in its lib rary a series of books in Japanese exp laining m o d e rn physics at a level w hich he fo u n d accessible, at least in p art. H id ek i relates th a t he fo u n d th e ideas of relativity co m p reh en sib le and exciting. O n th e o th e r h an d , he co m m en ts on an in tro d u ctio n to q u a n tu m theory: 'H ow ever m u ch I read it, it m ad e no sense to m e . . . so I th o u g h t it m ig h t be a good idea to stu d y it'. H e appears to have k ep t to th is reso lu tio n w ith rem ark ab le te n a c ity .s H e relates th a t w hile at H ig h School he took very little notice of th e norm al ru n of stu d e n t life a ro u n d him , feeling an aversion to a b o h em ian life style, and he took no p a rt in th e stirrin g s of s tu d e n t tro u b les even th o u g h his b ro th e r K aizuka was actively involved in th em . H e was supposed to atten d a class on econom ics and law b u t relates th a t these lectures 'w ent in one ear and o u t of th e o th e r'. E ven so, his n atu ra l ability and m ethodical h ab its seem ed to carry h im safely over all ex am in ation hu rd les.
H ideki ta u g h t h im self som e G erm an and, b ro w sin g in a bookshop, he picked up th e first volum e of P lan c k 's Einfiihrung in die theoretische P hysik. H e relates w ith g reat w arm th how he discovered th a t th e w ork of such a great m an pro v ed to be b o th intelligible and fascinating.
U niversity years
In this way he m ade the decision to apply for adm ission to stu d y in the Physics D e p a rtm e n t of K y o to U n iv ersity . T h e date of his en try was 1926, ju s t after the discovery of th e new q u a n tu m m echanics in the W est. W h atev er of the the o ld er q u a n tu m th eo ry was in clu d ed in the course he was offered-and it seem s th a t th ere was very little-th e new ideas had certainly not p en etrated . T h e account he has given of his studies is entirely ab o u t his priv ate reading, learn in g the o lder q u a n tu m th eo ry from an E nglish tran slatio n of F. R eich e's Q uantentheorie, and th en , ju s t as the first new s of q u a n tu m m echanics was reaching Jap an , being inspired by B o rn 's Probleme der A to m d yn a m ik. F ro m th en on it was a m a tter of stud y in g new pap ers as they becam e available. As w ith so m any o th er w orkers of the day, S c h ro d in g e r's version of q u a n tu m m echanicswave m echanics-was a revelation. It seem ed to be so m u ch m ore intelligible than the m atrix m echanics th a t w ent before it. H ideki succeeded in o b ta in in g his te a c h e rs ' assen t to ch o o sin g th e new th e o ry as his m ain su b ject fo r g rad u atio n . It seem s th a t th e only o u tsid e stim u lu s d u rin g th ese stu d ie s cam e fro m th e h a p p y chance, alread y m e n tio n ed , th a t S. T o m o n a g a e n te re d th e sam e co u rse at th e sam e tim e. T h e ir ad v an ced w ork was d o n e in th e la b o ra to ry o f P ro fesso r K . T am ak i, w hose ow n field was fluid dy n am ics. W h ile th e tw o frien d s w ere w o rk in g th e ir w ay in to th e new w o rld of ideas, W e ste rn p u b licatio n s w ere arriv in g at a g reat rate. T h e y m ad e it ev id en t th a t in atom ic p h y sics one p ro b le m after th e o th e r was b ein g rap id ly solved. H o w ev er, H id ek i learn ed th a t q u ite basic u n an sw ered q u estio n s rem a in ed in th e co n tex t of relativ istic q u a n tu m th e o ry , in th e q u a n tu m th e o ry o f fields an d in th e d e sc rip tio n of th e atom ic n u cleu s, so he m ad e th e b o ld d ecisio n to c o n ce n trate on these even n ew er p ro b lem s. H e chose to offer som e in v estig atio n s on th e p ro p e rtie s of D ira c 's eq u a tio n as his g ra d u a tio n thesis. T h e re is no reco rd of w h at w en t into th is w ork; it was sufficient to allow h im to g rad u ate in 1929 and to be allow ed to rem ain in T a m a k i's lab o rato ry as an u n p aid assistant. T h e fate o f his first serio u s research on h y p erfin e s tru c tu re has already been m e n tio n ed .
Postgraduate years
D u rin g th is tim e of significant advance in q u a n tu m field th eo ry H id e k i's isolation began to break dow n a little. B oth H eisen b erg and D irac visited K yoto an d , w h at p ro v ed m o re im p o rta n t to h im , H id ek i was in tro d u c e d to P ro fesso r Y. N ish in a, as was T o m o n ag a. N ish in a h ad sp en t co n sid erab le tim e w ith N iels B o h r in C o p en h ag en and h ad co llab o rated w ith O. K lein in th e stu d y of relativ istic electro n -p h o to n in teractio n . T h e K le in -N is h in a fo rm u la h ad m ad e his nam e a fam iliar one to ph y sicists everyw h ere. A fter th is in tro d u c tio n N ish in a took an in terest in th e w ork of th e tw o K y o to research w orkers.
T h e year 1932 has already been m en tio n ed as th e year w hen m o d ern n u clear th e o ry got off th e g ro u n d . It was also an im p o rta n t year for H id ek i personally. H e was m a rrie d to S u m i Y ukaw a and h en cefo rth bore th e nam e by w hich we know him . H e was also ap p o in ted L e c tu re r in P hysics at his ow n U n iv ersity of K yoto. H is first lectu res w ere atten d ed by tw o final year stu d en ts, S. Sakata an d M . K obayashi and in the next year these w ere follow ed by M . T ak e tan i. T h e se th re e stu d en ts w ere to becom e the co-sig n ato ries of p arts II, I I I and IV of th e fu n d am en tal w ork on m eson th eory.
In 1933 Y ukaw a tu rn e d to sp ecu latin g ab o u t th e n a tu re of the p ro to nn e u tro n force. A t the an n u al m eetin g of the P h y sico -M ath em atical S ociety in A pril of th a t year, he p resen ted a p ap er on this p roblem , b u t it was in term s of th e D irac electro n as agent. H ow ever, it appears th at, at th a t m eeting, N ish in a echoed H e ise n b e rg 's b rief w ords (referred to earlier) on the ap p are n t need for an 'electron w ith Bose statistics'.
Possibly th a t was the m o m en t w hen the new th eo ry began to take shape in Y ukaw a's m in d .
O saka: recognition and return to K yo to
Before the m o m en t of b reak th ro u g h th ere was an im p o rta n t change in Y ukaw a's life. H is frien d T o m o n ag a had left K y o to to w ork u n d e r N ish in a in T okyo. N ow Y ukaw a was given th e chance to m ove from th e q u ie t atm o sp h ere of K y o to to th e m u ch m ore lively su rro u n d in g s of th e in d u strial city of O saka w here a m o d e rn new u n iv ersity was b eing b u ilt up w ith a stro n g P hysics d ep a rtm e n t. It in clu d ed a large ex p erim en tal g ro u p u n d er S. K ikuchi w ith m o d e rn accelerato r e q u ip m en t. In th is stim u latin g en v iro n m en t Y u k aw a's ideas cam e to fru itio n and his fam ous first p ap er was p u b lish ed .
T h e account of the follow ing years can be brief. T h e o u tw ard effect of the national and in tern atio n al reco g n itio n th a t cam e to Y ukaw a after 1937 was q u ite n atu rally th a t he was now seen as a leader of th eo retical physics in his ow n co u n try , and could attra c t m any research stu d e n ts to his interests. H is a p p o in tm e n t to a ch air was n o t long com ing and he was h appy th a t it sh o u ld be at his hom e u n iv ersity in K y o to w hich th ro u g h him , inevitably becam e recognized as a m ajo r cen tre of in tern atio n al standing.
In v itatio n s to th e W est soon follow ed and his first visit in clu d ed atten d an ce at th e eig h th Solvay C o n feren ce in B russels in 1939. H is being invited to this m eetin g as one of only a sm all n u m b e r of w orld leaders in physics was a sign of reco g n itio n of th e im p o rtan ce of his w ork. T h a t visit was d isru p te d by th e o u tb reak of w ar in E u ro p e b u t still Y ukaw a was able to establish personal co n tacts w ith colleagues in G e rm a n y an d in the U n ite d States.
Post war years: the A m erican period
A fter the w ar, ju s t w hen Y u k aw a's ow n in terest was b eg in n in g to tu rn away from the p articu la r topic of m eson th eo ry to m ore general unsolved problem s, the experim en tal discovery of the pion m ean t th a t the W estern w orld was only too keen to w elcom e h im into th e ir m id st. In 1948 he accepted O p p e n h e im e r's in v itatio n to com e to w ork at the In stitu te for A dvanced S tudies at P rin ceto n , N .J ., and his year th ere was follow ed in 1949 by his a p p o in tm en t to a P ro fesso rsh ip at C o lu m b ia U n iv ersity , N .Y . In th a t sam e year cam e th e inv itatio n to S tockholm to accept the N obel Prize. Y ukaw a rem ained at C olu m b ia until 1953, w hen his ow n co u n try offered him the d irec to rsh ip of a new in ter-u n iv ersity research in stitu te back hom e in K yoto, housed in Y ukaw a H all. H e held this post until his retirem e n t in 1970. T h ese years in clu d ed the h appy occasion of an internation al conference to m ark 30 years of m eson theory. A fter his
T h e o r i e n t a l i n W e s t e r n s c i e n c e : p h y s i c s a n d p h i l o s o p h y
In his N o b el L e c tu re Y ukaw a gives an acco u n t of th e h isto ry of m eson th e o ry , e n d in g w ith som e th o u g h ts on th e sh o rtco m in g s of elem en tary p article th e o ry as it sto o d at th e tim e. T h e s e w ere by th e n his m ain p re o c c u p a tio n . H e says, 'W e do n o t yet know w h e th e r th e rem ain in g d iv erg en ce difficulties are d u e to th e s tru c tu re o f elem en tary p articles th e m se lv e s' and p re d ic ts co m in g g reat changes in th in k in g a b o u t physics in general. T h is is one of th e m ain th em es p erv ad in g Y u k aw a's fascin at ing book C rea tivity and intuition.
In ex p ectin g these fu tu re rev o lu tio n s Y ukaw a is h ard ly o riginal, b u t w h at is so in te re stin g in his book is how he relates his ow n search for new ideas to his o rien tal cu ltu ra l b a ck g ro u n d w hich sets h im a p a rt fro m m o st of his co n tem p o raries in th eo retical physics.
Y ukaw a is explicit in ack n o w led g in g th a t th e g ro w th of m o d e rn science fro m th e seeds sow n in W este rn , m ain ly G reek , an tiq u ity could n o t have o c c u rre d in th e E ast, given th e n a tu re o f E astern , m ain ly C hinese, ways of th o u g h t. In his book (w ritten orig in ally in Jap an ese b u t also p ro d u ced in an a u th o rized E n g lish tra n sla tio n p u b lish e d in Jap an ) he offers his view to th e in tern atio n al w orld of science th a t th e tu rn taken by physics in th is c e n tu ry rep resen ts a break fro m th e stra ig h t line of d escen t fro m an cien t G reek p a tte rn s of th o u g h t. P hysics, he believes, has m oved an d w ill m ove fu rth e r in fu tu re in d irectio n s m o re in h arm o n y w ith E astern th in k in g .
T h e scope of th is p erso n al book is w ide; p a rt b io g rap h y , p a rt excursion in to a variety of sp h eres of th o u g h t: scientific, p h ilo so p h ical an d political on a global scale. T h e a u th o r's choice of title reveals w h at he felt to be cen tral in his m in d at th e tim e. T o co n d en se his ideas for th e p u rp o ses of th is m em o ir is n o t an easy task. T h e im p ressio n th a t any W este rn read er of C rea tivity and intuition is b o u n d to get is o f a m in d th o ro u g h ly fam iliar w ith o n e 's ow n m odes of th o u g h t an d yet n o t feeling to be p a rt of th em . As V. W eisskopf em phasizes in his b eau tifu l in tro d u c to ry w ords in th a t book, H ideki Y ukaw a's m in d th ro u g h o u t his life rem ain ed very m uch an oriental one. W e learn th a t of the an cien t C hinese w ritin g s th a t he discovered early in life, th e ones th a t m ade th e greatest and m ost lasting im pression on him w ere those of T ao ism in general and of C h u an g tse in p articu lar. U nlike th e m ain te n o r of C o n fu cian ism w hich is a concern w ith m oral issues, th e th o u g h ts of this school cen tre on m a n 's relation w ith the w orld of n atu re, and his oneness w ith it. T h e ideas are not conveyed w ith th e precision and detail th a t a W este rn er associates w ith philosophical w ritin g . Y ukaw a gives som e extracts. T h e y are in the n atu re of m etap h o rs and parables. T h e one th ro u g h w hich he feels able to convey m ost to us is th e passage from C h u an g tse he calls 'T h e H ap p y F is h '.* 'O ne day, C h u an g tse was stro llin g b eside th e riv er w ith H u itse. H u itse, a m an of e ru d itio n , was fond of arg u in g . T h e y w ere ju s t crossing a b rid g e w h en C h u an g tse said, " T h e fish have com e up to the surface and are sw im m in g a b o u t at th e ir leisure. T h a t is how fish enjoy th em selv es" . Im m ed iately H u itse c o u n tered th is w ith: " Y ou are not a fish. H ow can you tell w h at a fish enjoys?" " Y ou are n o t m e ," said C h u an g tse. " H ow do you know th a t I c a n 't tell w h at a fish enjoys?" " I am n o t y o u ," said H u itse triu m p h a n tly . " So o f course I can n o t tell ab o u t you. In th e sam e w ay, you are n o t a fish. So you can n o t tell a fish 's feelings. W ell-is m y logic n o t u n an sw erab le?" " W ait, let us go back to th e ro o t of th e a rg u m e n t," said C h u an g tse. " W h en you asked m e how I knew w h at a fish enjoyed, you a d m itted th a t you knew already w h eth er I knew or n o t. [By th e sam e token] I knew , on th e b rid g e, th a t the fish w ere en joying th e m selv es" '
T o Y ukaw a th e aw areness of n a tu re in a m u ch m o re in tu itiv e w ay th a n any W este rn er w ould accept as p a rt of scientific th in k in g ap p eared to be a vital in g red ien t in creativ ity . H e felt n o t only th a t his ow n success in m oving theo retical physics a step fu rth e r ow ed so m eth in g to th is w ay of th in k in g , b u t th a t an elem en t of it can be seen in such creative acts as H e ise n b e rg 's fo rm u latio n of the u n c e rta in ty p rin cip le. W hile accepting the fact th a t his later m en tal stru g g les to d iscern th e n a tu re of p articles-'d raw ing circles on th e b la c k b o a rd ', so he relates, bein g a visible sign of his m ental activity-d id n o t lead to any b re a k th ro u g h , he expresses th e conviction th a t a m o re o riental ap p ro ach is a b e tte r w ay to deep er u n d e rsta n d in g th an th e p resen t p u rs u it of ever g reater detail w ith an ever g reater m ass of facts p ro d u ced by m o re and m o re so p h isticated e x p eri m en tatio n . T o him all this activity p ro d u ces b arrie rs b etw een th e individual scientist and his ability to perceive N a tu re as a w hole.
W o r l d a f f a ir s
A n atu ral extension of such ideas is to be fo u n d in th e last ch ap ters of Y ukaw a's book. T h e y relate to his o th e r significant role in th e post w ar period. Inev itab ly the su d d en im p act of th e release of n u clear energy was m ore d irect and personal to h im th a n for m o st of his co n tem p o raries. H is voice was rig h tly h eard as d eserv in g m ore atten tio n th a n th a t of m ost # A t th e 1945 K yoto C onference, p a rtic ip a n ts w ere p re se n te d w ith a version of th e sam e passage, w hich in clu d ed th e h elpful b rack eted w ords. W e also each received a fan in sc rib e d w ith a poem by Y ukaw a for w hich this tran sla tio n was p rovided: o th e r scientists. H e was an im p o rta n t sig n ato ry of th e E in ste in -R u sse ll M an ifesto against th e use of n u clear w eap o n s, and his nam e has been p ro m in e n tly associated w ith in tern atio n al peace m o v em en ts. In no sp h ere of h u m a n activ ity is it m o re ob v io u s th a t new w ays of ap p ro ach to th e so lu tio n of g reat p ro b lem s m u st be w elcom e. P e rh a p s th e closing w o rd s of Y u k aw a's book are also su itab le as closing w o rd s for th is m em o ir.
'As I have alread y said, m an has th in g s in h im th a t are u n k n o w n even to him self. H e still retain s w ith in h im m an y th in g s th a t he possessed before m an becam e m an . H e has th e m w h e th e r he realizes it or not. T h e h u m a n em o tio n s are closely related to these. T h u s it is difficult, in d iscu ssin g h u m a n h ap p in ess, to m ake sim ple scientific assertio n s th a t do n o t take th e m in to acco u n t. E very in d iv id u al has in him th in g s th a t can n o t be sim p ly defined. T h u s h u m a n em o tio n s, and h u m a n h ap p in ess in tu rn , are closely b o u n d u p w ith these i-ndefinables.
'In th e w orld of m en , it is th e th in g s th a t everyone co n sid ers to be rig h t and d esirab le in p rin cip le th a t fail to be realized, w hile th e th in g s to w hich th e re are m an y o b jectio n s get d o n e-a fact th a t is e lo q u en t p ro o f th a t m an is n o t m oved solely by th e conscious self, by th e self as th e ob ject of rational th in k in g an d reflection. Y et th is does n o t m ean, eith er, th a t we h u m a n beings sh o u ld m ake light of th e reason, th e p ow er of ratio n al th o u g h t, th a t we possess. O n th e co n tra ry , we have th e po ssib ility , by lettin g all th e th in g s th a t lie h id d e n deep at th e b o tto m of th e co n sciousness rise to th e surface, or by sen d in g o u r reason d elving fa rth e r into th e d ep th s, of grad u ally b rin g in g a w ider area of o u r h u m a n ity w ith in th e scope of rational co n sid eratio n . T o save ourselves, by such efforts, from th e d an g er of a loss of, or a split in, o u r h u m a n ity in th e w orld of th e fu tu re -this, I believe, is th e course th a t m an m u st take fro m now on. T h is, it is m y personal convictio n , is tru e w isdom for m o d e rn m a n .' H ideki Y ukaw a is survived by his w idow , S u m i, and tw o ch ild ren .
T h e a u th o r acknow ledges th e help p ro v id ed by a m em o ir in Progress o f Theoretical Physics fro m w hich m any bio g rap h ical facts w ere taken.
T h e p h o to g rap h was k indly p ro v id ed by Y ukaw a H all, K yoto.
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